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Abstract 
This study presents a wafer-level batch fabrication technique of NdFeB film for MEMS (Micro Electromechanical 
Systems) based electromagnetic type energy harvester. By using 20 µm thickness NdFeB sputtered magnetic film on 
a trench-etched Si microstructure, fine patterned magnet structures for energy harvester had been realized. However 
the size of the sputtered sample was limited to the slightly small size. In this study, we improve the sputtering 
equipment to apply the NdFeB film process on a four-inch Si wafer. The film characteristics, estimation of the 
compatibility with the MEMS process and also energy harvesting result are presented. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Recently, wireless sensor network (WSN) systems have drawn attention for various regions [1, 2]. 
Now, our group is developing a WSN for human monitoring system that continuously watches over health, 
exercise quantity, vital signs, etc. [3]. The system manages the information that obtained from human 
activities in daily life and human circumstances. For such system, the most important requirement is long 
time operation to realize a continuous monitoring system.  But the capability of the system is limited by 
the limited performance of power supplies. Thus, an energy harvester that can act as an autonomous 
power source is good candidate as a supplemental power [4]. Especially, electromagnetic type energy 
harvesters have a substantial advantage of low output impedance i.e. it should be able to output a large 
current. But magnetic material had a difficulty on a compatibility with a MEMS (Micro 
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Electromechanical Systems) fabrication process. In the previous work, we established the micro 
fabrication technique for the NdFeB film by using sputtering and polishing of the film on the deep etched 
Si trench on a small sized Si wafer for vibratory type energy harvester [5]. In this paper, we demonstrate 
an improvement of the sputtering equipment to apply the NdFeB film process on a four-inch Si wafer. The 
film characteristics and estimation of the compatibility with the MEMS process are presented. 
2. Electromagnetic type energy harvester 
Figure 1(a) shows the cross sectional schematic diagram of our energy harvester, which consists of 
moving Si mass with the patterned NdFeB array.  Series connected micro coils on the stator structure. The 
sputtered NdFeB film is thickness of 20 µm and width of 400 µm. In the previous work, the fabrication 
step for NdFeB sputtering was performed with the quarter size of the four-inch Si wafer, because of the 
size limitation of the NdFeB sputtering target from the technical difficulty. It was not suitable for MEMS 
batch fabrication steps with four-inch wafer line.  
After the magnetization in the 4 T magnetic fields, the electromagnetic harvester that has 30 µm gap 
between magnetic and two layer five turns spiral coils obtained the power of 760 pW at the resonant 
frequency of 94.9 Hz. These steps are impeditive to realize a batch-fabricatable NdFeB energy harvester.  
3. NdFeB sputtering on a four-inch Si wafer 
In order to use the four-inch Si wafer for batch fabrication by extending the NdFeB target size, small 
pieces of NdFeB with size of 25×25 mm2, thickness of five mm are mosaicked on the four-inch backing 
plate (Fig. 1b) and are bounded by a Sn solder.  
 
 
 
 
 
 
 
 
(a)           (b) 
Fig. 1. (a) Cross-sectional schematic diagram of the MEMS electromagnetic type energy harvester; (b) 5 mm thickness NdFeB 
pieces mounted on the four-inch sputtering target with mosaicked pattern. 
Figure 2 shows cross sectional FE-SEM images of the NdFeB films on the various temperature 
conditions from 380 ºC to 620 ºC. The NdFeB/Ta multilayer magnetic domain structure with thickness of 
375/10 nm is changed at the temperature of 500 ºC.   
 
 
 
 
 
 
Fig. 2.  Cross-sectional FE-SEM image of the sputtered NdFeB/Ta multi layers on various sputtering temperature. 40 layers film 
with thicknesses of NdFeB/Ta are 375/10 nm respectively. 
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The multilayer sputtering is performed by using JEC-SP360M (JEOL, Japan) that used computer-
controlled valve and RF system. The J-H hysteresis curves after the pulse magnetization in the magnetic 
field of 4 T are shown in Fig. 3. The samples that treated in the low temperature show the no hysteresis. 
The residual magnetic flux density for normal direction is about 1.3 T. The optimized sputtering 
temperature is 560 ºC, and the detailed condition is shown in Table 1. 
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Fig. 3.  J-H hysteresis curves for NdFeB film measured parallel (//) and normal () after the pulse magnetizing with 4 T. 
 
Table 1. The optimized sputtering condition of NdFeB material on four-inch Si wafer. 
 
 
4. Compatibility evaluation for MEMS process 
For the energy-harvesting device, the NdFeB film is patterned with stripe shape for improving the 
harvesting energy. The patterned magnetic material was magnetized before the MEMS processing, so the 
flux density profile was measured by using the Hall sensor as shown in Fig. 4(a). The sensor was set on 
the 300 μm above of the NdFeB striped pattern that is arranged with 400 μm line and 400 μm space. The 
NdFeB pattern on the four-inch wafer was magnetized in the 2.7 T magnetic field. In order to estimate a 
compatibility of the NdFeB film with the MEMS process, we measured the flux density pattern after the 
deep RIE process that is one of the most popular processes for MEMS fabrication (Fig. 4a). From the 
result, the film shows no relationship with the MEMS deep RIE process. 
We also evaluate a thermal demagnetization of magnetic flux. There are a lot of thermal steps in the 
MEMS process. Figure 4(b) shows the temperature properties of the NdFeB/Ta micro magnets that were 
fabricated by the proposed method and magnetized in the magnetic fields of 4.0 T. The surface magnetic 
flux density of the micro magnet was measured during slow increasing and decreasing the temperature. 
The result indicates that the magnetic films are significantly damaged by increased temperature above 
60 °C. The decreased magnetic flux did not regenerate after the decreasing temperature.  
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               (a)          (b) 
Fig. 4. (a) Surface magnetic flux density profile for before (black line) and after (red line) the Deep RIE process. The thickness, 
width and interval space of the NdFeB film are 20 µm, 400 µm and 400 µm, respectively. The film was magnetized with 2.7 T; (b) 
Temperature properties of the NdFeB/Ta micro magnets fabricated by novel method and magnetized using a 4.0 T magnetic field. 
5. Conclusions and future works 
The sputtered NdFeB film on the four-inch Si wafer successfully developed. The optimized sputtering 
temperature for NdFeB/Ta of 560 ºC is obtained. In order to improve a thermal robustness, further 
temperature optimizing should be required. And in this state, the magnetizing did not performed on the 
four-inch wafer. We will prepare the magnetizing coil on the both side of the Si four-inch wafer. 
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